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TURBOJET COMBUSTOR EFFICIENCY WITH CERAMIC-COATED LINERS AND WITH
MECHANICAL CONTROL OF FUEL WASH ON WALLS

By Helmut F. Butze and Edmund R. Jonash

SUMMARY

An investigation was conducted to evaluate two methods of decreas-
ing losses of unevapcrated fuel from the combustion zone of turbojet-
engine combustors. The first method consisted of installing fuel
"dems" on the inner surface of the combustor liner to divert liquid-
fuel films on the walls into penetrating air jets. The second method
consisted of coating the combustor-liner walls with ceramic to increase
surface temperature and hence increase rate of evaporation of liquid
fuel. Combustion performence data were obtained with J33 and J47 single
combustors at low pressure and varied fuel-ailr ratio and air-flow rate
conditions to compare effects of the combustor modifications on combus-
tion efficiency and flame blow-out.

Results of tests conducted in the J33 single combustor equipped
with fuel dams indicated gubstantial improvements in combustion effi-
clency at low fuel-flow conditions when the standard fuel nozzle was
used; no improvements were observed at high fuel-flow rates. A reduced
capacity, narrow-spray-angle fuel nozzle provided improvements in com-
bustion efficiency only at conditions where severe wall wetting occurred.
Similar results were cbtained in another J33 combustor the liner of
which was coated with a dual ceramic coating consisting of a reflective
base coat and an insulating cover coat. At conditions representative
of actual engine operation at high sltitudes, increases in combustion
efficiency of 16 and 15 percent were cbtained in the J33 combustor with
the fuel Jams and with the duael ceramic coating, respectively. No fur-
ther improvement in combustion efficiency resulted from e combination of
fuel dams and ceramic coating. Only small effects on combustion effi-
ciency were observed when two other types of ceramic coating were
applied to the J33 combustor or when the dual ceramic coating was applied
to the J47 combustor. .

INTRODUCTION

Operation of turbojet-engine combustors at high-altitude conditions
results in reduced combustion efficiency, with attendant increases in
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engine fuel consumption. Research at the NACA Lewls laborastory and
other leboratories has been directed toward an explanation of this
performance trend in terms of a single controlling step in the complex
combustion process. Results of a number of investigations summerized

in reference 1 indicate that losses in combustion efficiency may be
attributed to (1) incomplete vaporization of liquid fuel, (2) incomplete
mixing of the fuel with proper quantitles of ailr, and (3) incomplete
combustion of the vaporized fuel.

Studles conducted in transparent combustors indicate that a con-
slderable quantity of ligquld fuel may implnge on the walle of the
combustor inner liner; for example, reference 2. Such fuel lmpinge-
ment is the result both of the use of wide-spray-angle fuel nozzles and
of the reverse air-flow currents in the upstream combustor region.
Under cold-flow conditions a large portion of the resultant fuel film
on the wall travelled beyond the combustlion zone before reentering the
alr stream. Studles In another transparent combustor during initial
burning (reference 2) substantiated these cobservations. Although heated
cambustor walls will promote rapid vaporization of the fuel film, the
vapor formed may not enter zones favorable to cambustlon and thus may
constitute a significant loss in fuel available for combustion. Possl-
ble reduction in combustion efficiency incurred in this manner is the
subjJect of the research described herein.

Preliminary investigations were conducted to evaluate methods for
(l; returning liquid-fuel films on walls to the combustion zone and
(2) incressing vaporization of the fuel films on combustor walls. TFuel
"dams" were installed on the inner well of the liner of a J33 single
cambustor between rows of primary-sir-admission holes to redirect the
wall fuel films into the primary-alr Jets. Photographs obtained in a
cold-flow trensparent combustor, illustrating the effects of these dams
on the wall fuel film, are presented herein. The combustor was operated
with each of two fuel nozzles having different spray-dispersion charac-
teristics. :

An attempt was made to increase the rate of evaporation of the fuel
by providing the combustor-liner walls with ceramic coatings. The func-
tion of & ceramic coating may be to provide one or both of the following:
(1) increesed inner-surface temperastures due to insulating effect of the
coating, and (2) increased air-scrubbing action due to incressed
"roughness" of some granular ceramic surfeces. Three coatings were
investigated: (1) a dual coating consisting of a reflective base coat
and an insulating top coat, (2) & single high-temperature protective
coating, and (3) a porcelain-type cement. The first coating was applied
to both single J33 and J47 combustor liners; coatings 2 and 3 were
applied to the J33 combustor liner only.
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Combustion efficiency and flame blow-out limit data were obtained
with the standard and the modlfied combustors at combustor-inlet-air
pressures of 8 and 15 inches of mercury absolute,- inlet-air temperature
of 268° F, and a range of alr velocities and fuel-air ratios. Fuel con-
forming to specification MIL-F-5824A, grade JP-4, was used for all tests.
The results obtained with the various combustors are compared to Indi-
cate possible explanation for the effects of the modifications on com-
bustor performance.

APPARATUS AND PROCEDURE
Combustors

Two types of single-tubuler combustor, one from a J33 and one from
a J47 turbojet engine, were used for the investigatlion reported herein.
The installation of the combustors, Including air heaters and control
egquipment, was similar to that described in reference 3. Air flow end
fuel flow to each combustor were measured by square-edged orifice
plates installed according to A.S.M.E. specifications and by callbrated
rotameters, respectively. A sketch of the two combustor installations,
showing location and arrangement of the instrumentation planes, 1is
presented in figure 1. Inlet-alr pressures were measured by total-
pressure rakes. Inlet-air temperatures were determined by bare single-~
Junetion iron-constantan thermocouples; exhaust-gas temperatures were
measured by single-shielded chraomel-alumel thermocouple rakes (refer-
ence 3) The axisl location of the exhaust-gas thermocouples in each
combustor setup corresponded spproximetely to the position of the tur-
bine blades in the full-scele engine.

Photographs of the inner liners of the two combustors, showing the
shape and distribution of the eir-sdmission holes, are presented in
figure 2. In both combustors the holes provided for cross-fire tubes
were closed. A hollow-cone swirl-type fuel nozzle having e nominal
flow capacity of 40 gallons per hour (at 100 1b/sq in. pressure} and a
sprey angle of 80° was used for most of the J33 combustor tests. Lim-
ited tests were also conducted in this combustor with a 15.3-gallon-per-
hour 30° -spray-angle nozzle. The J47 combustor was equipped with a
wide-flow-range duplex-type fuel nozzle. Standard l1gnitior plugs, in
combination with 5000~volt, 60-cycles-per-second transformers, were used
in both J33 and J47 combustion tests.

In addition to the J47 and J33 single combustors used for combus-
tion tests, a transparent J33 combustor was used for visual studies of
fuel-spray characteristics under cold-flow conditions. A complete
description of the transparent-cambustor apparatus is presented in
reference 2.
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Fuel Dams

The fuel dams were Installed on the inner surface of the J33 liner
and consisted essentlally of shallow V-shaped Inconel fences ground at
the bottom to fit the contour of the inner surface of the combustor
liner, as shown in figure 3. The included angle of the "V" was 90°.
The heights and locatlions of the dams are shown in figure 3. The dams
were positioned so that the vertex of the "V" formed by two adjacent
dame was located at the center of one of the three small primary-sir
holes (fig. 3)}. Each installation consisted of seven dams located
around the inner periphery of the cambustor liner so that each dam
blocked the wall surface between two adjacent rows of holes. A sgesl
between the liner wall and the bottom edge of the dams wes achieved by
means of a refractory cement.

In order to accommodate the fuel dems in all three positions, it
wasg necessgary to close two alr-cooling louvers located Just upstream of
the normel position of the cross-fire tubes. In order to cbtain a true
comparison of the effect of the dams, check tests were made with this
combustor modification before installation of the fuel dams.

Ceramic Coatings
The following cersmic coatings were investigated:

(1) A dusl coating consisting of a reflective base coat high in
gilica content (Univ. of I1l. frit No. 285-1} and an Insulating cover
coat high in alumina content (Univ. of I1l. frit No. 117-23).

(2) A liquid-porcelain type cement (Sauereisen No. 1).

(3) A mixture of Sauereisen No. 1 and a high~temperature protective
coating {Saverite 4000).

A description of ceramic coating 1 1s presented 1n references 4
and 5. Coating 1 was applied to both the J33 and J47 combustor liners,
while 2 and 3 were used on the J33 liner only. Photographs of the J33
and J47 liners coated with ceramic 1 are presented in figure 4. Both
inner and cuter surfeces of the liners were coated in all cases.

The performance of the J33 and J47 linérs coated with ceramic 1
was compared with the performance of other J33 and J47 liners of the
same respective manufacturer's model number. No geometrlcal differences
between the two liners were detected. Ceramic coatings 2 and 3 were
investigated on a different J33 liner of the same model nmumber. Com- _ _
parison teats with the uncoated liner were mede after removal of coat-
ing 2 and before application of coating 3.

A
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Test Conditions

Combustion-efficiency date were obtailned for a range of fuel-air
ratios at each of the following test conditions:

Condition | Combustor- Combustor- Air flow per
inlet total inlet total unit frontal
pressure temperature area®
(in. Hg ebs) (°F) (1v/(sec)(sq ft))

1 15 268 2.78
2 8 268 . 1.485
3 15 268 2.14
4 15 268 3.62

8Based on meximum cross-sectional area of combustor
housing (0.48 sq £t for J47 and 0.267 sq £t for
J33 combustor).

Test conditlions 1 and 2 simulste inlet-air conditions encountered
in typical turbojet engines at high altitudes and high fiight speeds.
Conditions 3 and 4 represent air-flow rates sbout 23 percent below and
50 percent above current operation, respectively.

Combustion efficiency was determined as the ratio of actual enthalpy

rise across the combustor to the enthalpy supplied by the fuel end was
camputed by the method described in reference 8. In'addition to com-
bustion-efficiency data, rich combustor blow-out limits were recorded.

MIT.-F-56824A, grade JP-4 fuel was used for all conbustion tests
reported herein. Physical properties of the fuel are presented in
table I. The simulated tests in the transparent cambustor were con-
ducted with water in place of fuel in order to obtein more distinct
photographs.

RESULTS AND DISCUSSION
The combustion efficiency and flame blow-out data obtained in the

Jd33 and J47 combustors at various combustor-inlet conditions are pre-
sented in tables II and III.
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Effect of Fuel Dams

A representative installation of two fuel dams was first made in
the cold-flow transparent J33 cambustor. Photogrqphs ‘obtained at con-
ditions approximating test condition 3 and two water-flow rates, with
the 40-gallon-per-hour nozzle, are presented In figure 5. It is noted
that considerable wall wetting has occurred upstream of the dems. The
dams redirected a large part of the liquid film into the penetrating
air-admiseion hole upstream of the dam. Most of the wall wetting that
appears downstream of the dams resulted from travel of liquid from
other peripheral areas not provided with dems in this test installation.

The effect of fuel dams on combustion efficiency and flame blow-
out is shown in figure € for three air-flow rates. Substantial
increases in combustion efficiency resulted from the use of fuel dams
at low fuel-air ratios. At a fuel-zair ratlo of 0.012 and inlet-air
condition 1 (representative of typical engine operaticn) an increase
in combustion efficiency of 16 percent was obtained (fig. 6(b)). At
high fuel-air ratiocs no improvement was noted. Since losses in com-
bustion efficiency can be attributed to causes other than the loss of~
liquid fuel along the combustor walls, it is concelvable that at the
high fuel-air ratios the dams reached the limit of their effectiveness,
and no further lmprovement in combustion efficiency could be expected
from their use. Size and location of the fuel dams, for the range
covered, had no significant effect on combustion efficiency except at
the high air-flow condition, where the dams located farthest downstream
produced a smaller increase in efficiency than did the others.

Combustor blow-out data in figure 6 indicate that a reduction of
the rich blow-out limit resulted from the use of fuel dams. This reduc-
tion may possibly be attributed to the enrichment of the primary com-
bustion zone with the use of fuel dams.

Since a narrow-spray-angle nozzle would be expected to produce
less fuel impingement than a wide-spray-angle nozzle, a 15.3-gallon-
per-hour, 300 angle nozzle was substltuted for the standard 40-galilon-
per-hour, 80° -angle nozzle used in the previous tests. The results,
shown in figure 7, indicate that at the low air-flow rate (2.14 1b/
(sec)(sq ft)) fuel dems improved combustion efficiency only slightly;
while at the other two air flows (2.78 and 3.62 1b/(sec)(sq ft)) sub-
stantisl improvement wag cbtained. Visual cbservations made in the
transparent combustor with water-flow conditions indicated that at the
low air-flow rate wall wetting was insignificant, while at the higher
flow rates appreciable wetting occurred. In the. following teble the
results of this visual study are compared with ‘combustion-efficiency
data obtained in an actual combustor:

10 TA A
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Air-flow rate Simulated | Observed Increase
(1v/(sec)(sq £t)) | fuel-air | degree of in combustion
ratio wall wetting | efficiency
(percent)
2.14 0.0145 None 0
2.14 .0220 Slight 7
2.78 .0115 Slight 0
2.78 .0209 Considersble 12
2.78 .0242 Congiderable 10
3.62 .010 Considerable 8
3.62 .020 Considerable 14

It cen be seen from the table that wherever considerable well wetting
occurred, installation of fuel dams increased combustion efficiency
noticeably. The photographs in figure 8, obtalned at the low~-air-flow
condition, show that with the wlde-spray-angle nozzle considersble
wetting occurred, while with the narrow-spray-angle nozzle wall-wetting
was Insignificant. Inspection of figures 6 and 7 shows that under these
conditions the fuel dams produced substantial improvement in combustion
efficiency with the wide-angle nozzle, while with the narrow-angle
nozzle no improvement was noted.

Comparison of figures 6 and 7 also shows that, in general, com-
bustion efficiencies obtained with the narrow-spray-angle nozzle were
considerably lower than those obtalned with the wide-spray-angle nozzle.
In this case losses In combustion efficiency may be the result of
Increased axisl penetration of fuel droplets and, hence, decreased fuel-
droplet residence time in the combustion zone.

The relatively short period of operation with the fuel dams did not
produce any noticesble deterioration or warping of the dams.

Effect of Ceramic Coatings

J33 combustor. - The results obtained in the J33 combustor with
ceramic coating 1 at all four test conditions are presented in figure 9.
A 40-gallon-per-hour fuel nozzle was used in these tests. At most low
fuel-air-ratio conditions, large increases in combustion efficiency were
obtained with the ceramic-coated liner. At a fuel-air ratio of 0.012
and inlet-air condition 1 (representative of typical engine operation)
an increase in combustion efficlency of 15 percent was obtained. At
the high-air-flow condition the increase was only slight. At all con-
ditions the effects of the coating on combustion efficiency decreased
with increases in fuel-asir ratio. Rich combustor blow-out limits were
reduced somewhat with the ceramic-coated liner. The coated and uncoated

-



8 L NACA RM ES2I25

liners represent two individuel liners which, as far as could be deter-
mined by rough meagurement, were identical. Although small differences
in performance may have existed between the original liners, the
increases noted in figure 9 are far too great to be attributed to any
difference in liners.

The results obtained with ceramlic coatings 2 and 3 at the same
test conditions are shown in figure 10. Coating 3 produced a measur-
able increase in combustion efficiency at test conditions 1, 3, and 4;
although the increase, In general, was less than that obtained with
coating 1. Cosating 2 produced no noticeable increase in combustion
efficiency at any condition. As in the case of coating 1, rich combus~
tor blow-out limits were, in general, obtalned at somewhat lower fuel-
air ratios with coatings 2 and 3 than with the uncoated cambustor.

Although the corrosion-protecting and tempersture-resisting prop-
erties of ceramic coatings have been studled quite extensively, little
information is avallable as to their effect on the combustion process.
One possibility that suggests 1tself is that ceramic coatings might
increase the rate of evaporation of the fuel film on the wall and hence
increase combustion efficiency. Another possibility is the reflection
of rediant energy from the liner walls into the liquid-fuel droplets.
However, the results of a theoretical analysis presented in reference 7
show this effect to be of only minor importance. Increased rate of
evaporation of the fuel impinging on the wall could be brought about
by increased imner-surfeace temperstures resulting from the insulating
effect of ceramlc coatings and by increased alr-scrubbing action due to
increased surface roughness. The greater effectiveness of ceramic
coatings at the low fuel flows, where spray characteristics are poor
and@ hence evaporation rates are low, 1s in agreement with this concept.
The reasons for the difference in effectiveness of the various coatings
are not readily apparent, but might be the result of differences in
thelr thermal properties, such as thermal conductivity and emissivity.
At the surface temperatures encountered in these investigations, cata-
lytic effects would probably not be an Iimportant consideration.

J47 combustor. - Results obtained with ceramic coating 1 in the
J47 combustor at all four test conditlons are presented in figure 11.
Only small improvements in cowbustion efficiency resulting from the
ceramic coating were noted. The lack of improvement in combustion effi-
clency obtained with coating 1 in this combustor, compared with the
results obtained in the J33 combustor, may be understood if the prin-
cipal function of ceramic coatings in the combustion process is con-
sidered to be lncreased rate of evaporation of the fuel film on the
liner wall. TFuel impingement on the walls 1s not as serious a problem
in the J47 combustor as in the J33 combustor for several reesons. Com-
parison of figures 2(a) and 2(b) shows that the surface of the J47 liner
is broken up to & much greater extent by holes and louvers than that of

2705
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the J33 liner; hence, the possible loss of liquid fuel along the liner
walls is greatly diminished. Furthermore, the larger diameter of the
J47 liner should decrease the degree of fuel impingement on the walls.
Finally, deterioration of spray characteristics normally encountered at
low fuel flows should not be nearly as pronounced in the J47 combustor
because of the use of a duplex fuel nozzle.

Effect of Combination of Fuel Dams and Ceramic Coatings

Analysis of the data cobtained in both combustors with ceramie
coatings and fuel dams indicates the possibililty that both design modi-
fications performed essentially the same function, that of preventing
the loss of liquid fuel along the liner walls. A combination of the
two combustor modifications would not, therefore, be expected to pro-
vide any further improvements in combustion efficlency. The results of
tests in the J33 combustor, coated with ceramic 1 snd eguipped with
fuel dams, are presented in figure 12. A 40-gallon-per-hour fuel
nozzle was used in these tests. The dsta clearly indicate that no
increase in combustion efficiency over that obtalned with either modi-
fication alone resulted from the combination of ceramic coating and
fuel dams. Rich blow-out limits were, in general, obtained at somewhat
lower fuel-air ratios than with either modification alone or with the
standard combustor, & trend which may be attributed to the enriching of
the primary combustion zone.

Effect of Ceramic Coating on Carbon Deposition

The effect of ceramic coating 1 of combustion-chamber carbon depo-
sition was investigated briefly. An uncoated and the coated liner were
operated at conditions which had been used in previous studies of carbon
deposition (reference 3), simulating 90 percent of normsl rated engine
speed and a 20,000-foot altitude for a period of 4 hours. A highly
eromatic fuel deposited similer quantities of carbon in both liners
(approximately 35 g). However, while the deposits in the uncoated liner
were evenly distributed over the upstream area of the liner and dome, 2
large portion of the deposits in the coated liner was concentrated in
two formations, as shown in figure 13. The carbon formations were
supported on the wall at points where some of the coating had disinte-
grated. Most of the upstream area of the ceramic-costed liner was
clean. Cooling of the liner following completion of this test caused
considersble spalling of the ceramic coating. These results suggest
that a dursble continuous ceramic costing mey decrease carbon deposi-
tion."
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SUMMARY OF RESULTS

From an investigetion of two combustor design methods for decreas-
ing the losses of unevaporated fuel fram the combustion zone of turbo-
Jet combustors at high-altitude operating conditions the following
results were obtained:

l. In a J33 single cambustor equipped with fuel dams, substantisasl
improvements in combustion efficliency were obtained with the standard
fuel nozzle st low fuel-flow rates; no improvements were observed at
high fuel-flow rates. A reduced-capacity, narrow-spray-angle fuel
nozzle provided improvements in combustion efficiency only at conditions
where severe wall wetting occurred.

2. Simllar results were obtained in another J33 combustor whose
liner was ceramic-coated with a reflective base coat and an insulating
cover coat.

3. At conditions representative of actual engine operation at high
altitude, increases in combustlon efficiency of 16 and 15 percent were
obtained in the J33 combustor with the fuel dams and with the dual
ceramic coating, respectively.

4. No further improvement in combustion efficlency resulted from a
combination of fuel dams end ceramic coating.

5. Only small effects on combustion efficlency were ocbserved when
two other types of ceramic coating were applied to the J33 combustor or
when the dual ceramic coating was applied to the J47 combustor.

CONCLUDING REMARKS

The results suggest that the effects of the fuel dams and of. the
ceramic coating on combustion were similar. Thus, the dams diverted
liquid fuel from the fuel film on the liner walls to the cambustion
zone, and the ceramic coating increased the rate of evaporation of the
fuel film by increasing liner-surface temperature. The fuel dams and
the ceramic coating were most effective at conditions where (1) poor
fuel atomization retarded fuel evaporation and (2) air-flow currents
and spray angle caused excessive wall wetting. It 1s concluded thet
fuel wetting on turbojet-combustor walls may result in a substantial
loss in combustion efficiency. Combustors should, therefore, be
designed to avoid excessive wetting; or if such wetting is unavoidable,

2705
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methods similar to those described herein may be used to minimize dele-
terious effects on combustion efficiency.

Lewis Flight Propulsion Laboratory
National Advisory Commlitee for Aeronautics
Cleveland, Ohilo
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TABLE I - FUEL ANALYSIS

‘QZE§§§;7’

NACA RM E52I25

Fuel properties

MIL-F-5624A, gresde JP-4
(NACA fuel 52-53)

A.5.T.M. distillation
D86-46, (OF)
Initial boiling point
Percent evaporated

5

10

20

30

40

50

60

70

80

90
Final bolling point
Residue (percent)
Loss (percent)

Aromatics, (percent by
volume)
A.8.T.M. D-875-46T
Silica gel
Specific gravity
Viscosity (centistokes
at 1009 F)
Reld vapor pressure
(1»/sq in.)
Hydrogen-carbon ratio
Net heat of combustion

136

183
200
225
244
263
278
301
321
347
400
498
1.2
0.7
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TABLE II - PERFORMANCE DATA OF J33 COMBUBTOR
[Fuel-nozzle capacity, 40 gal/nr | W
Run Combustor- Combustor- Alr Combustor | Fuel Fuel- | Mean Combustion
inlet total inlet flow reference flow alr combustor-| efficiency
pressure tempera- (1b/sec) | velocity |(1b/br) | ratio | outlet (percent)
(in. Hg ebs) | ture (rt/sec) tempera-
(°R) ture
(°R)
8tandsrd combustor
1 15.0 726 0.568 77.8 17.1 0.00836 1040 50.7
2 15.1 726 .567 77.7 24 .4 .01195 1240 59.2
3 15.1 726 .568 77.8 29.2 .01428 1420 68.0
4 15.0 727 .569 77.9 33.1 .01616 1570 74.0
5 15.0 727 .569 77.9 39.4 .01924 1770 78.4
& 15.1 726 .569 77.9 4£3.5 .02124 1810 81.6
7 15.0 726 .569 77.9 49.0 .02393 2075 83.9
8 15.0 728 <740 101.4 20.1 00755 1070 61.1
2] 15.1 728 <741 101.8 28.1 01053 1260 69.3
10 ' 15.1 728 L741 101.6 33.9 .01271 1410 74.7
11 15.1 727 742 101.7 39.4 01475 1570 80.7
12 15.0 727 <T43 101.8 47.0 01757 1760 84.5
13 15.0 728 JT44 101.9 54.2 .02024 1915 85.7
14 15.0 728 . T43 101.8 61.5 .02299 2070 . 86.86
15 15.0 729 ~962 131.8 33.0 .00953 1265 77.0
16 15.1 729 .962 131.8 40.4 .01167 1410 81.0
17 15.1 728 .962 131.8 48.5 .01429 1565 82.5
18 15.1 723 .962 131.8 60.0 017335 1755 85.1
18 15.0 728 .962 131.8 70.8 02044 1910 84.5
20 15.0 729 .963 151.8 B3.1 .02397 2070 83.2
21 15.0 728 963 131.8 29.8 .00860 1210 76.1
22 7.9 727 .395 101.5 22.2 .01561 1250 46.6
23 8.0 727 .395 101.5 25.0 .01757 1425 56.1
24 8.0 726 .398 102.1 27.6 .01927 1565 62.2
25 8.0 727 .398 102.1 32.0 .02235 1765 67.7
26 8.0 727 .397 102.0 35.0 .02448 1910 71.4
27 8.0 727 397 102.0 37.4 .02615 2005 72.8
28 8.0 727 .398 102.1 24.4 .01704 1410 56.5
23 8.0 727 .397 101.8 21.2 .01485 ize0 49.8
30 is5.0 727 .742 101.7 33.6 .0126 1450 80.1
3L 15.1 726 .742 101.7 42.5 .0159 1650 82.8
32 15.0 727 .74 101.7 51.3 .0192 1855 85.4
33 15.0 726 <743 ioi.8 59.2 .0221 2010 85.8
34 15.1 726 . 741 102.1 65.8 0245 2155 87.3
35 15.0 726 741 101.7 75.2 .0282 2305 85.3
36 15.0 728 <742 101.7 T7.2 .0289 2325 84.5
37 14.9 727 .963 131.9 52.7 .0152 1605 81.9
38 15.0 727 .965 132.2 62.7 0180 1760 82.7
39 15.0 726 .963 131.9 67.9 .0196 1860 84.2
40 15.0 727 .963 131.9 78.6 .0227 2010 83.6
41 15.0 726 964 132.0 86.5 .0249 2070 80.6
42 15.0 725 .964 132.0 93.4 .0269 2105 77.1
43 15.0 727 570 78.0 39.7 0193 1785 79.4
ik 15.0 726 570 78.0 33.6 .0164 1555 71.7
45 15.0 728 -.568 77.8 28.8 0141 1400 66.6
46 15.0 727 .568 77.8 28.)1 .0137 1380 66.5
47 15.0 727 .572 78.3 43.1 .0209 1915 83.3
48 15.0 726 572 78.3 48.2 0234 2035 83.0
49 15.0 727 572 78.3 53.2 .0258 2165 83.8
50 15.0 726 .568 78.0 57.9 .0283 2280 83.6
51 15.0 726 .569 . 78.0 58.8 .0287 2300 83.6

|
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TABIE I - PERFORMANCE DATA OF J33 COMBUBTOR - Continued
I:Fu.el nozzle capacity, TO_E./hr] W
Run Combustor- Combustor- Alr Combustor | Fuel Fuel- | Mean Conbustion
inlet total | inlet flow reference | flow alr combustor-|efficlency
ressure .| tempera- {1b/sec) |velocity [(ib/hr)| retio | outlet (percent)
in. Hg sbs)| ture (£t/sec) tempere-
{°R) ture
(°R)
Standerd combustor with upstream louvers closed
52 15.0 725 0.964 132.0 42.4 0.0122 1425 79.9
53 15.0 726 963 131.8 47.6 0137 1515 81.0
54 15.0 726 964 132.0 55.3 .0159 1650 82.8
55 15.0 728 .964 132.0 62.6 .0180 1770 83.6
56 15.0 726 964 132.0 70.1 .0202 1910 B85.7
57 - 15.0 726 - .964 132.¢ 78.0 .0225 2020 85.1
58 15.0 726 .964 132.0 83.7 0241 2110 85.7
58 15.0 726 . 964 132.0 89.1 .0257 2160 . 83.8
60 15.0 729 .863 131.8 58.4 L0111 1360 78.7
61 15.0 726 .745 102.1 41.8 .0156 1605 80.0
62 15.0 726 . 745 102.1 50.1 .0187 1785 v 81.8
63 15.0 726 .745 102,.1 56.3 .0210 1830 84.1
64 15.0 726 + 745 102.1 64.9 0242 2115 85.7
65 15.Q 726 745 102.1 71.0 .0285 2240 86.4
66 15.0 726 745 102.1 76.2 .0284 2335 86.5
67 15.0 728 745 102.1 38.0 0142 1525 79.2
68 15.0 7286 <745 l102.1. 32.8 .0122 1585 75.1
69 15.0 724 .572 78.3 36.3 .0176 1610 71.9
70 15.0 726 575 78.8 £1.7 .0201 1785 76.5
T1 15.0 726 .575 78.8 48.6 L0235 1980 9.7
72 15.1 726 575 78.8 55.1 .0266 2180 82.4
73 15.0 725 .572 78.3 62.6 0304 2380 83.7
74 15.0 725 572 78.3 67.1 0326 2470 83,1
75 15.0 725 575 78.8 70.8 0342 2535 82.8
76 15.0 726 575 78.8 32.6 . 0157 1495 69.1
77 15.0 © 726 572 78.3 28.8 .0140 1370 64.2
78 15.0 728 .B72 78.3 24.6 .0118 1250 60.8
Standsrd combustor with small dams Sg inches from nozzle tip
79 15.0 726 0.570 78.0° 35.3 0.0172 1740 84.7
80 15.0 726 571 78.2 4C.8 .0198 1200 86.5
81 15.0 724 571 78.2 48.6 0236 2070 86.2
82 15.0 729 571 78.2 53.8 0262 2210 85,3
83 15.0 729 571 78.2 59.9 .0291 2330 8¢.1
84 15.0 728 571 78.2 62.1 .0302 2370 83.5
85 15.0 727 571 78.2 30.2 «0147 1580 83.0
86 15.0 . 727 . 571 78.2 27.1 .0132 1480 79.9
87 15.0 728 572 78.3 24.0 L0117 1380 77.3
88 15.0 729 743 101.8 37.6 «0141 1820 89.4
89 15.0 728 .743 101..8 41.7 .0156 1720 90.8
90 15.0 127 743 101.8 49.3 .0184 1870 90.2
91 15.0 725 743 l01.8 54.7 .0204 1970 89.5
g2 15.0 132 743 101.8 63.2 .0236 2115 B87.4
93 15.0 727 <743 101.8° 33.5 .0125 1530 90.0
94 15.0 728 .743 101.8 29.8 0111 . 1435 88.5
95 15.0 728 .963 131.9 44.0 .0127 1565 92.5
96 15.0 729 963 131.9 49.9 0144 1665 92.3
97 15.0 728 .963 131.2 56.3 0162 1770 82.2
98 15.0 729° 963 131.9 62.7 .0181 1860 90.6
99 15.0 728 .963 131.9 65.6 .0189 1860 87.0
100 15.0 728 .962 131.8 37.3 .0l08 1430 90.1
101 15.0 729 .g62 131.8 35.1 .0101 1390 80.5
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TABIE IT - PERFORMANCE DATA OF J33 COMBUSTOR - Contimued
[Fuel nozzle capacity, 40 Sﬂ-l/h-'!] W
Run Combustor- .| Combustor- Alr Combustor Fuel Fuel- | Mean Combustion
inlet total | inlet flow reference £low air combustor- |efficlency
pressure tempera- (Ib/sec) | veloeity (ib/br) | ratio |outlet (percent)
(in. Hg abs)| ture (£t/sec) tempera-
(°R) ture
(°r)
Standard combustor with small dams L-g inches from nozzle tip
102 15.0 726 0.574 78.6 35.1 0.0170 1740 85.7
103 15.0 726 574 78.6 31.3 .0152 1630 84.4
104 15.0 726 575 78.8 27.5 .0133 1500 8l.6
105 15.0 726 .575 78.8 26.0 .0126 1450 80.2
106 15.0 726 575 78.8 24.0 .0116 1380 78.2
107 15.0 726 .575 78.8 22.1 .0107 1280 71.3
108 15.0 725 .575 78.8 40.8 .0197 1915 88.2
109 15.0 726 575 78.8 49,1 .0237 2120 87.7
110 15.0 727 575 78.8 54.5 .0263 2230 86.3
in 15.0 726 .575 78.8 58.4 .0282 2320 86.2
12 15.0 728 575 78.8 61.0 .0295 2385 86.2
113 15.0 727 575 78.8 65.3 .0315 2465 85.4
114 15.0 726 . 740 101.4 33.3 0125 1535 90.7
115 15.0 726 <740 101.4 39.4 .0143 1680 91.7
116 15.0 727 740 101.4 46.3 0174 1815 80.3
117 15.0 -727 .740 101.4 56.3 .0211 2015 89.9
118 15.0 727 . 740 101.4 62.6 .0235 2120 88.4
118 15.0 727 .740 101.4 72.4 0272 2305 88.2
120 15.0 727 .T740 101.4 78.2 .0294 2355 84.8
121 15.0 727 . 740 101.4 33.3 .0125 1555 93.0
122 15.0 728 .963 131.9 46.3 0134 1810 92.9
123 15.0 728 .963 131.9 53.6 .0155 1730 92.4
124 15.0 728 .963 131.8 61.8 .0178 1850 81.3
125 15.0 728 .963 131.89 68.3 .0197 1960 . 91.6
126 15.0 726 .963 131.9 75.5 .p218 2040 89.1
127 15.0 727 963 13.9 43.6 .01286 1560 92.9
128 15.0 727 .963 131.9 36.3 0105 1420 91.4
Stendaerd combustor with small dems Sg inches from nozzle tip
28 15.0 726 0.574 78.86 34.3 .0166 1710 84.9
130 15.0 727 574 78.6 41.2 0200 1915 86.9
131 15.0 726 574 78.6 47.2 .0228 2065 87.1
132 15.0 727 574 78.6 S54.7 .0265 2225 85.4
133 15.0 727 574 | 78.6 60.3 .0292 2335 84.3
134 15.0 727 574 78.6 62.9 0304 2400 84.7
135 15.0 726 574 78.6 34.1 .0165 1735 87.7
136 15.0 727 574 78.6 29.8 0144 1580 83.7
137 15.0 727 574 78.6 27.6 0134 1500 81.0
138 15.0 727 .574 78.86 24.0 .0116 1360 75.7
139 15.0 728 .968 132.8 41.7 0120 1480 87.5
' 140 15.0 727 .968 132.6 37.7 .0108 1330 85.0
141 15.0 728 -966 132.4 33.8 0087 1300 80.8
142 15.0 728 .868 132.6 47.7 .0137 1600 89.9
143 15.0 728 .966 132.4 53.6 .0154 1710 91.0
144 15.0 728 .966 132.4 59.5 .0171 1810 91.2
145 15.0 728 .966 132.4 65.8 .0189 1910 8l1.1
146 15.0 728 .966 132.4 T3.4 .0211 2005 89.1
147 15.0 728 .966 132.4 78.8 .0227 2030 84.9
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TABLE .II - PERFORMANCE DATA OF J33 COMBUSTOR - Continued
Fuel nozzle capacity, 40 gal/hr for runs 148 to 161

Fuel nozzle capecity, 15.3 gal/hr for runs 162 to 195] W

Run Combustor- Combustor- Alr Combustor | Fuel Fuel- | Mean Combustion
inlet total | inlet flow reference | flow air combustor-|efficlency
pressure tempera- (1b/sec) | veloeity |(ib/hr)| ratio | outlet {percent)
(in. Hg abs)| ture (£t/sec) tempera-

{°R) ture
(°R)
Standard combustor with large dems 42— inches from norzle tip
148 15.0 728 0.569 78.0 33.8 0.0165 1725 86.5
149 15.0 728 .569 78.0 42.4 .0207 1950 86.6
150 15.0 729 .569 78.0 4£9.3 0241 2125 86.5
151 15.0 728 .569° 78.0 56.8 .0277 2285 85.4
152 15.0 729 .569 78.0 59.5 .0291 2340 84.7
153 15.0 729 569 78.0 29.6 .0145 1590 8.0
154 15.0 728 .569 78.0 26.1 0127 1480 82.8
155 15.0 730 961 131.6 58.4 L0111 1460 91.5
156 15.0 730 961 131.6 45.4 0131 1580 91.3
157 15.0 728 .961 131.6 53.4 0154 1720 21.9
158 15.0 730 961 131.6 61.0 .0176 1835 80.8
153 15.0 730 961 131.6 64.5 .01886 1885 90.3
160 15.0 730 961 131.8 36.7 .0106 1420 90.2
161 15.0 731 961 131.6 33.3 .0086 1350 88.7
Standard combustor with upstresm louvers closed
162 15.0 727 0.573 78.5 38.5 .0187 1525 60.8
163 15.0 728 573 78.5 £4.9 .0218 1695 64.4
164 15.0 728 573 78.5 ° 47.7 L0231 1830 70.0
165 15.0 728 573 78.5 50.4 .0244 1940 73.5
166 15.0 728 .572 78.3 54.5 .0265 2090 77.%
167 is5.0 728 574 78.8 58.8 .0285 2215 79.2
168- 15.0 729 574 78.6 61.6 .02988 2300 80.6
168 15.0 727 .576 78.8 64.5 L0311 2370 81.3
170 15.0 . — 728 .576 78.9 .68.6 0331 2465 81.6
171 15.0 728 577 79.0 38.7 .0186 1460 55.9
172 15.0 727 577 78.0 36.7 0177 1380 52.1
173 15.0 726 577 79.0 34.3 .01865 1290 47.8
174 15.0 726 575 78.8 32.7 .0153 1210 44.0
175 15.0 727 577 79.0 28.2 .0136 1110 58.9
176 15.0 " 728 575 78.8 38.9 .0188 1465 55.9
177 15.0 7286 S5TT 79.0 44.7 .0215 1700 65.7
178 15.0 726 <741 101.6 41.9 0157 1355 56,1
179 15.0 726 741 101.6 47.8 .0179 1515 62.7
180 i5.0 7286 <740 101.4 53.8 .0202 1680 68.9
is1 15.0 726 . 740 101.4 59.5 .0223 1855 74.2
182 15.0 726 .740 101.4 64.5 .0242 2000 78.2
183 15.0 726 740 101.4 68.8 .0258 2110 80.4
184 15.0 726 . 740 101.4 74.6 .0280 2240 82,1
185 15.0 727 .74C 101.4 79.1 .0297 2360 84.3
186 15.0 727 .740 101.4 84.2 .0316 2460 84.9
187 15.0 727 . 740 101.4 36.8 0138 1235 51.0
188 15.0 727 ’ .740 101.4 32.5 0122 1140 46.6
189 15.0 728 .968 132.4 36.3 .0104 1165 57.5
120 15.0 728 .966 132.4 46.9 0135 1325 6l.5
181 15.0 728 966 132.4 57.9 .0166 1500 65.9
192 15.0 727 .966 132.4 67.3 0184 1670 70.0
193 15.0 730 .967 132.5 T7.4 .0222 1840 73.2
194 15.0 728 .966 132.4 85,7 .0246 2000 76.8
185 15.0 728 .966 132.4 88.3 0254 | 20680 78.3
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TABLE II - PERFORMANCE DATA OF J33 COMBUSTOR - Continued

Fuel nozzle capacity, 15.3 gel/hr for runs 186 to 219]
Fuel nozzle capacity, 40 gal/hr for 220 runs to 255 W
Mesn

2705

Run Combustor- Combustor- Alr Combustor | Fuel Fuel- Combustion
inlet total | inlet Ilow reference | flow alr cambus tor-| efficiency
pressure tempera- (1b/sec) | veloeit; (1b/br)| retio | outlet (percent)
(in. Eg abs) | ture (f‘b/aec{ tempera-

(°r) ture
(°r)
Standard combustor with small dems % inches from rozzle tip .
196 15.0 728 0.574 78.6 42.4 0.0205 1685 67 .4
197 15.0 728 .572 78.3 46.5 .0225 1910 77.3
198 15.0 728 . .572 78.3 51.3 .0248 2085 8l.4
199 15.0 728 572 78.3 57.4 0279 2255 83.1
200 15.0 728 572 78.3 66.4 .0322 2480 84.5
201 15.0 - 728 .572 78.3 61.6 .0298 2375 84.6
202 15.0 728 572 78.3 37.7 -0183 1510 60.8
203 15.0 727 .572 78.3 33.6 0163 1305 49.7
204 15.0 727 .572 768.3 29.8 0145 1155 40.9
205 15.0 728 ~T44 101.9 0.7 .0115 1095 43.7
206 15.0 728 <744 101.9 38.5 0144 1315 56.8
207 15.0 729 <T44 101..9 44.9 .0168 1525 67.2
208 i15.0 728 744 101.9 48.9 .0186 1715 76.4
209 15.0 728 742 101..7 55.9 .0209 1920 85.6
210 15.0 728 144 101.9 62.7 .0234 2090 86.6
211 15.0 729 JT4é 101.9 69.8 0261 2240 87.5
212 15.0 729 - T44 101.9 79.6 .0297 2410 87.0
213 15.0 729 -.964 152.0 31.5 .0080 1145 62.8
214 15.0 729 «964 132.0 38.7 .0L12 . 1275 67.2
215 15.0 729 964 132.0 45.3 0131 1425 T4.2
216 15.0 729 ~S64 " 132.0 52.5 0151 1590 80.8
217 15.0 729 963 131.8 58.2 .0les 1720 84.6
218 15.0 726 .963 ix.s 66.7 .0192 1845 84.7
219 15.0 730 .963 131.9 74.1 0214 1845 835.4
Btanderd combustor coeted with ceramic coating 1
220 15.0 727 0.960 1351.5 57.9 0.0110 1335 84.2
221 15.0 727 962 131.8 £6.7 .0135 1545 85.3
222 15.0 728 .960 131.5 55.1 .0159 1680 85.6
223 15.0 727 960 131.5 62.6 0181 1805 86.1
224 15.0 727 -.962 131 .8 69.5 .0201 1910 86.0
225 15.0 727 .962 131.8 76.9 .0222 2005 85.0
228 15.0 728 .862 131.8 85.0 .0245 2060 al.l
227 15.0 727 742 10L.7 33.1 .01l24 1505 87.8
228 1S5.1 725 .742 101.7 38.7 .0145 16840 89.5
229 15.1 727 742 101.7 46.3 L0173 1785 .0
230 15.0 26 742 10L.7 51.7 0194 1906 88.6
231 15.0 728 742 10t.7 59.8 0224 2045 87.2
252 14.9 727 742 101.7 66.4 0249 2175 87.3
233 15.0 727 742 101.7 70.8 .0265 2260 87.6
234 15.0 726 742 101.7 29.1 -0109 1425 89.0
235 15.0 727 575 78.8 3.l .0150 1635 86.0
236 15.0 727 .576 78.9 36.3 .OL75 1770 85.8
237 15.0 727 576 78.9 40.8. .0187 1910 87.7
238 15.1 727 .576 78.9 47.2 .0228 2070 87.4
239 15.1 728 .576 78.9 54.5 0263 2220 85.7
240 15.0 728 576 78.9 55.8 .0269 2255 86.1
241 15.0 728 .578 78.9 35.3 .0170 1765 87.7
242 15.0 728 .578 78.9 31.1 0150 1645 86.8
243 15.0 727 .576 78.9 27.3 .0132 1540 86.6
244 15.0 727 576 78.9 25.1 .0111 1435 88.6
245 ,15.0 727 576 78.9 20.6 0099 1360 87.9
246 15.0 727 575 78.8 18.7 .0080 1290 85.4
247 15.0 727 576 78.9 14.0 .0068 1150 84.8
248 8.0 728 394 101.1 27.6 0185 1706 72.2
249 8.0 728 -394 101.0 30.1 0213 1780 71.9
250 8.0 728 -394 . 101.0 30.8 .0218 1815 72.8
251 8.0 729 -394 102.0 32.1 .0227 1840 71.8
252 8.0 728 -394 101.1 33.3 0235 1850 70.2
253 8.0 729 -394 101.0 25.6 .0181 1665 74.2
254 8.0 128 + 394 101.0 23.2 0165 1595 74.7
255 8.0 729 .39¢ 101.1 19.5 .Q1l38 1435 71.6
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TABLE II - PERFORMANCE DATA OF J33 COMBUSTOR - Continued
[Fuel-nozzle capacity, 40 ga.l/ha
Run Combustor- Combustor- Air Combustor Fuel PFuel- { Mean Combustion
inlet total inlet flow reference fiow air combustor- |efficlency
essure tempera- (1b/sec) | veloelt (i1b/hr} | ratio | cutlet (percent’)
in. Hg abs) | ture (ft/aec¥ tempera-
(&:3) ture
_ {°R)
Standard combustor coated with ceramic coating 2
256 15.0 730 0.568 77.8 41.0 0.0200 1800 7.7
257 15.0 726 568 77.8 45.8 0224 1980 82.8
258 15.0 728 .568 77.8 51.3 .0251 2135 84.1
258 15.0 728 .568 77.8 55.0 0269 2225 84.3
260 15.0 7286 .568 77.8 55.7 .Q272 2250 84.9
261 15.0 726 .568 77.8 41.3 .0202 1880 81.8
262 15.0 726 .568 71.8 36.3 .0178 1565 75.6
263 15.0 726 .568 .. 77.8 %0.8 0151 1400 62.6
264— 15.0 725 .588 77.8 33.8 .0165 1550 70.9
265 15.0 726 .568 77.8 28.3 .Q138 1300 57.8
266 15.0 726 .568 77.8 24.4 0119 1180 52.4
2687 15.0 728 .568 . 77.8 22.1 .0108 1120 49.9
268 15.0 726 .568 77.8 17.7 .0087 1020 45.8
268 15.0 727 742 101.7° 39.2 0147 1480 72.1
270 15.0 ~ 728 . 742 101.7 45.4 .0170 1660 78.8
271 15.0 728 . T4E 101.7 50.2 .0188 1810 83.5
272 15.0 727 742 101.7 59.3 0222 2030 86.8
273 15.0 727 742 101.7 67.7 .0253 2195 87.%
274 15.C¢ -~ 727 <742 101.7 72.8 Q273 2290 87.0
275 15.C 728 742 101.7 38.5 Q137 1420 70.6
276 15.0 728 742 101.7 - 32.5 .0122 1300 64.9
277 15.0 727 - T42 101.7 28.8 .0108 1210 61.4
278 15.0 728 .961 ° . 42.6 .0123 1365 71.9
279 15.0 728 .962 131.8" 7| 51.8 .0150 1520 74.5
280 15.0 728 .962 131.8 57.4 .0166 1630 77.5
281 15.0 728 .962 131.8 65.3 .0189 1785 80.9
282 15.0 - 728 .g962 131.8 73.3 0212 1915 82.1
283 15.0 728 .962 131.8 77.8 .0225 13985 82.5
284 15.0 728 .982 - 131.8 37.1 0107 1260 88.4
285 15.0 728 .962 131.8 32.3 .0093 1195 68.5
Standsrd combustor coated with ceramic coating 3

286 15.0 7239 0.575 78.8 42.8 0.0207 1895 82.4
287 15.0 728 .576 78.9 47.6 .0230 2030 83.9
288 15.0 729 .578 78.9 55.7 .0263 2255 85.9
289 15.0 728 577 72.0 52.0 0250 2150 85.3
290 .15.0 728 577 79.0 © 57.7 .0278 2305 86.3
291 15.0 727 577 79.0 59.9 .0288 2355 86.5
292 15.0 727 .577 79.0 61.8 -~ .0298 25390 85.7
293 15.0 727 .577 78.0 57.4 .0180 1730 80.2
284 15.0 727 577 79.0 33.3 . 0160 1580 76.6
295 15.0 727 577 79.0 29.9 .0r4d 1475 75.0
296 15.0 727 577 79.0 27.1 .0130 1375 68 .4
297 15.0 727 <577 79.0 24.9 .0120 1330 69.6
298 1s5.0 728 <747 102.3 41.9 .0156 1640 83.2
299 15.0 728 747 102.3 37.7 .0140 1530 80.8
300 15.0 727 <744 101.¢9 34.8 .0129 1450 78.3
301. 15.0 727 749 102.6 30.8 .0114 1365 77.5
302 15.0 728 . 749 102.8 27.1 .0101 1250 70.9
303 15.0 728 . 748 102.5 49.1 .0182 1805 85.6
304 15.0 728 . 7468 102.2 54.1 .0201 1825 87.1
305 15.0 727 L7486 102.2 60.8 .0226 2065 87.8
3086 15.0 727 . 746 102.2 66.7 .0248 2190 88.6
307 15.C 727 <748 102.2 71.7 .0267 2280 88.2
308 15.0 128 .965 132.2 44.7 .0129 1485 82.1
308 15.0 727 .965 132.2 42.5 0142 1580 , 84.9
310 15.0 . 728 962 131.8 56.6 0163 1705 85.8
311 15.0 728 .962 131.8 68.2 0187 1885 85.6
312 15.0 722 .862 131.8 75.1 0217 1980 85.4
313 15.0. 728 962 131.8 . 85.7 0247 2055 80.1
314 15.0 728 .962 131.8 59.7 .0115 1365 76.8
315 15.0 728 .962 131.8 37.3 .0108 1320 75.6
316 8.0 725 .398 102.2 31.8 0222 1760 67.9
317 8.0 725 398 102.2 29.3 .0204 1660 66.1
318 8.0 725" .398 102.2 27.1 .0189 1560 63.1
319 8.0 726 398 102.2 24.1 .0168 1435 53.5
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TABLE II - PERFORMANCE DATA OF J33 COMBUSTOR - Continued
[Fuel nozzle capacity, 40 gal/hr| ‘W

Run Combustor- Combustor- Alr Combus tor Fuel Fuel- {Mean Combustion

inlet total inlet flow reference Iflow alr combustor-|efficlency

ressure tempera- (1b/sec) | velocit {1b/hr) ratio |outlet (percent)

in. Hg abs)] ture (ft/hec¥ tempera-

(°r) ture
(°g)
Standard eombustor after removal of ceramic coating 2

320 8.0 731 0.400 102.7 32.6 0.0226 1750 65.8
321 8.0 730 400 102.7 34.6 0240 1790 64.8
322 8.0 732 400 102.7 37.8 .0261 1840 62.8
323 8.0 729 396 101.7 30.2 0212 1640 62.1
324 8.0 731 .395 101.5 26.2 .0187 1535 61l.4
325 8.0 731 -394 101.1 24.7 0174 1440 57.7
326 8.0 731 .396 101.7 21.4 0150 1335 56.3
327 8.0 732 .398 101.7 18.7 .0131 1185 47.8
328 8.0 732 . 400 102.7 36.7 .0255 1810 62.4
329 15.0 729 .588 77.6 44.7 .0219 1880 77.1
330 15.0 729 .566 T77.6 49.5 .0243 2025 79.3
531 15.0 729 .566 77.6 58.2 .0286 2280 82.6
332 15.0 730 .566 77.6 53.3 .0262 2150 81.5
333 15.0 729 .568 77.8 60.4 .0295 2330 83.1
334 15.0 729 .568 77.8 62.3 0305 2380 83.3
335 15.0 730 566 7T.86 65.6 0322 2445 82.6
336 15.0 730 .567 T7.7 4£5.6 .0223 1935 79.8
337 PY 15.0 730 .567 T7.7 38.1 .0187 1670 72.3
338 15.0 730 .567 77.7 33.6 .0165 1520 67.8
339 15.0 730 . 739 101.2 38.7 .0145 1480 72.7
340 15.0 729 . 739 101.2 52.3 .0187 1810 79.7
341 15.0 729 . 739 101.2 64.3 0242 2070 82.6
342 15.0 724 .739 101.2 T2.7 0273 2245 84.4
543 15.0 732 .965 132.2 50.6 .0146 1500 74.1
344 15.0 731 .965 132.2 62.1 .0179 1700 77.8
345 15.0 731 .967 132.5 T3.3 .0211 1900 8l.2
346 15.0 731 .987 132.5 8l1.3 L0254 2020 8l.7
347 15.0 732 .967 132.5 89.1 .0258 2090 7.4
348 15.0 731 .867 132.5 43.3 0124 1380 72.8
349 15.0 731 .987 132.5 38.9 .0112 1305 70.8
350 15.0 730 .571 78.2 357.6 .0183 1670 73.8
351 15.0 730 571 78.2 30.6 .0142 1450 67.9
352 15.0 728 .572 78.3 28.3 .0128 1280 60.8
353 15.0 730 .569 78.0 42.4 .0207 1820 768.7
354 15.0 729 .569 78.0 49.1 .0240 2020 79.9
355 15.0 729 .570 78.0 57.0 .0278 2270 84.2
356 15.0 728 570 78.0 58.8 .0287 2315 84.4
357 15.0 728 « 737 10l.0 53.8 .0202 1880 835.2
358 15.0 729 .157 101.0 €0.2 0227 2035 85.3
359 ° 15.0 729 . 739 101.2 §8.7 .0258 2235 88.1
360 15.0 729 . 739 101.2 71.9 .0270 2295 88.1
361 15.0 728 <738 10l.2 72.8 .0274 2310 87.8
362 15.0 727 . 739 10l.2 47.7 0179 1740 81.5
363 15.0 729 739 101.2 72.8 Q160 1610 78.3
364 15.0 726 <740 101 .4 38.8 0146 1510 75.58
365 15.0 730 . 740 101.4 35.3% L0133 1430 75.6
366 15.0 730 .967 132.5 42.6 .0122 1405 77.0
367 15.0 729 .985 132.2 39.9 .0115 1360 76.0
368 15.0 730 965 132.2 50.2 <0145 1535 78.3
369 15.0 729 .987 132.5 56.6 .0163 1635 79.2
370 15.0 730 .967 132.5 62.1 .0178 1735 8l.2
371 15.0 730 .967 132.5 69.3 .0199 1850 82.0
572 15.0 730 .969 132.7 T4.3 .0213 1925 82.3
373 15.0 730 .967 132.5 80.4 0231 2010 82.1
374 15.0 729 .969 132.7 87.9 .0252 2080 80.1
375 8.0 729 - 400 102.7 31.5 .0218 1710 65.1
376 8.0 727 400 102.7 32.5 0226 1760 65.7
377 8.0 727 . 400 102.7 34.5 .0238 1785 65.2
378 8.0 728 400 102.7 30.0 .0208 1650 64.0
379 8.0 728 « 400 102.7 25.5 0177 1510 82.7
380 8.0 728 - 400 102.7 22.9 .0158 1410 60.3
381 8.0 728 <397 101.9 20.0 0140 1260 52.8
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TABLE II - PERFORMANCE DATA OF J35 COMBUSTOR - Concluded

[Fuel nozzle capacity, 40 aal/ha W

Run Combustor- Combugtor- Alr Combustor Fuel Fuel- |Mean Combustion
inlet total | inlet flow reference flow air cambustor- | efficlency
pressure tempera- (1b/sec)| velocity (1b/nr) | ratio joutlet {percent)
(in. Hg abs) | ture (£t/sec) tempera-

(°R) . ture
(°R)
Stendard combustor with ceramic coeting 1 and small dams 5% inches from nogzle tip

382 15.0 730 0.582 79.7 35.7 0.0170 1740 85.3

383 15.0 730 .579 79.3 24.9 .0119 1460 z .5

384 15.0 730 579 79.3 46.7 0224 2045 .9

385 15.0 729 .579 79.3 53,6 .0257 2200 86.2

386 15.0 729 579 79.3 60.6 .0291 2335 84.4

387 15.0 732 .968 132.6 43.1 0124 1465 82.6

388 15.0 731 968 132.6 55.3 .0159 1660 83.3

389 15.0 73L 965 132.2 66.7 0182 1830 83.1

3950 15.0 731 .958 131.2 75.1 .0218 1940 81.6

391 15.0 728 573 78.5 31.3 .0152 1560 87.3

382 15.0 728 570 78.0 22.2 .01.08 1400 86.2

393 15.0 728 573 78.5 36.7 0178 1780 86,1

394 15.0 728 573 78.5 44.0 .0213 1985 86.9

395 15.0 728 570 78.0 52.7 0257 2200 86.2

386 15.0 731 573 78.5 55.9 0271 2250 85.1

397 15.0 730 -T44 101.9 51.2 L0191 1925 g1.3

398 15.0 728 . 741 101.6 58.6 .0220 2060 89.86

399 15.0 728 T4l 101.6 64.7 L0243 - 2150 87.5

400 15.0 728 T4 101.86 44 .4 .0166 1780 91.1

401 15.0 729 740 101.4 36.3 0136 1590 89.3

402 15.0 729 740 101.4 29.8 0112 1435 87.6

403 15.0 730 964 132.0 42.8 .0123 1520 90.0

404 15.0 730 962 131.8 37.1 0107 1405 87.4

405 15.0 730 .862 131.8 35.3 .0102 13565 85.9

406 15.0 730 .8961 131.6 33.3 0086 1325 85.0

407 15.0 750 961 131.6 50.9 .0147 1680 g2.0

408 15.0 730 964 132.0 53.5 0171 1805 90.7

409 15.0 728 964 132.0 62.8 .0181 1845 -88.4
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TABLE III - PERFORMANCE DATA OF J47 COMBUSTCR
[Duplex fuel nozzie] W
Run Conbustor- Cambustor- Alr Combustor Fuel Fuel- |Mean Combustion
inlet total | inlet flow reference flow alr cambustor- | efficiency
pressure tempera- (1b/sec) | velocity (1b/ar) | ratio |outlet (percent)
(in. Hg abs) | ture (£t /sec) tempersa-
(°R) ture
(°R)
Standard cambustor
- 1 8.0 724 0.716 1.8 . 38.3 0.0149 1455 69.1
2 8.0 724 .718 101.8 35.8 .0139 1415 69.6
3 8.0 - 727 716 102.2 29.8 0116 1315 70.5
4 8.0 725 716 101.9 22.3 .0086 1080 57.2
- 5 8.0 725 .716 101.8 20.5 .0080 1035 52.6
[3) 8.0 722 .716 101.5 47.0 .0182 1635 71.7
7 8.0 732 716 102.9 56.7 .0220 1735 66.4
8 8.0 728 -716 102.4 60.2 0234 1775 65.6
9 8.0 724 .716 101.8 65.7 .0255 1805 62.5
10 15.0 728 1.030 78.4 38.0 .0102 1285 T4.7
11 15.0 737 1.026 79.1 43%3.0 .0116 1400 79.2
12 15.Q 729 1.024 78.1 52.3 .0142 1570 83.6
13 15.0 726 1.028 78.0 63.5 0172 1790 89.3
14 15.0 725" 1.024 77.7 72.9 .0198 1910 87.5
15 15.0 726 1.024 77.7 84.6 0230 2090 88.4
16 15.0 725 1.024 77.7 103.0 .0279 2275 B84.4
17 15.0 7286 1.018 774 104.6 .0285 2295 83.9
18 15.0 727 1.024 77.9 109.3 .0296 2340 83.4
19 15.0 724 1.344 101.9 48.2 .0100 1305 80.2
20 15.0 726 1.345 i02.2 47.0 .0097 1310 82.7
21 15.0 734 1.340 103.0 53.9 0312 1410 84.0
22 15.0 725 1.343 101.9 65.0 L0134 1565 88.0
23 15.0 756 1.342 103.3 76.9 0158 1735 89.9
24 15.0 723 1.336° 101.2 100.1° .0208 1910 83.5
25 15.0 728 1l.342 102.4 104.8 .0217 1950 82.9
26 15.0 726 1.742 132.5 42.3 0067 1130 80.9
27 15.0 726 1.743 152.6 53.8 . 0086 1250 83.4
28 15.0 726 1.742 132.5 71.0 L0113 1400 82.6
29 15.0 726 1.742 132.5 83.5 +0143 1555 8z2.0
30 15.0 726 1.742 132.5 102.4 0163 1640 79.8
31 15.0 725 1.741 132.1 121.2 .0194 1750 76.6
32 15.0 727 1.746 132.9 136.3 0217 1805 72.6
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TABLE III - PERFORMANCE DATA OF J47 COMBUSTOR - Concluded
EDuple.x fuel nozzle] W
Run Combustor- Combustor- Alr Combustor Fuel Fuel- | Mean Combustion
inlet total | inlet flow reference flow air combustor-| efficlency
ressure tempera- {1b/se&c) | velocit (1b/hr) | ratio | outlet (percent)
in. Hg abs}| ture ( ft/aee{ tempera-
(°R) ture
(°R)

Stendard combustor coated with ceramic coatimg I ~  ~—~ ™ = 7o ==
33 8.0 734 0.716 103.1 45.0 0.0175 1640 4.2
34 8.0 724 <718 101.8 54.8 0213 1745 §9.7
35 8.0 734 .716 103.1 59.5 0231 1820 89,0
36 8.C 726 .716 102.1 80.9 0236 1870 71.3
37 8.0 734 .716 103.1 45.2 0175 1660 75.7
38 8.0 732 .7168 102.8 38.3 .0149 1520 74.8
38 8.0 738 - .718 103.5 33.4 0130 1425 74.2
40 8.0 733 <TXT7 103.1 28.5 0110 1330 74.8
41 8.0 722 716 101.5 23.9 .0093 1185 68.0
42 8.0 748 7168 104 .9 25.9 0093 1040 45,1
43 8.0 724 <707 102.0 24.4 0094 1180 62.8
44 8.0 725 .77 102.1 34.0 0132 1430 74.8
45 8.0 724 712 101.4 48.5 .0189 1715 75.6
46 8.0 724 712 101.4 57.5 0224 1845 73.5
47 8.0 724 .T12 101.4 59.5 0232 1870 72.8
48 15.0 732 1.028 78.7 63.5 0172 1780 88.0
49 15.0 720 1.030 77.6 55.5 0150 166C 89.2
50 15.0 732 . 1.031 78.9 47.9 w0129 1550 89.1
51 15.0 728 1.027 78.2 35.6 .0096 1325 85.2
82 15.0 725 1.027 77.9 26.0 .0070 1140 79.8
53 15.0 735 1.027 79.0 68.3 .0185 1825 85.5
54, 15.0 731 1.027 78.6 79.4 .0215 1980 85.8
58 15.0 725 1.027 77.9 82.0 0249 2180 86.5
56 15.0 724 1.031 78.1 101.8 0274 2260 85.0
57 15.0 724 1.035 78.4 1068.1 .0285 2300 84.3
58 15.0 723 1.028 77.7 113.0 +0306 2360 82.3
59 15.0 727 1.035 78.7 322 .0086 1240 81.0
60 15.0 726 1.035 78.8 £0.9 .0110 1405 85.7
61 15.0 -726 1.028 17.9 53.9 01486 1625 87.2
62 15.0 727 - 1.025 78.0 64.8 .0176 1790 87.3
63 15.0 727 1.028 78.1 74.5 0202 1925 86.8
64 15.0 728 1.025 78.1 .84.0 .0228 2050 88,2
65 15.0 728 1.025 78.1 100.5 0272 2260 85.3
66 15.0 729 1.028 78.3 112.0 .0303 23550 82.1
87 15,0 724 1.335 101.1 47.0 0088 1335 86.0
68 15.0 54 1.334 102.5 53.6 .0112 1430 86.7
68 15.0 754 1.354 102.5 84.8 0135 1580 88.5
70 15.0 130 1.338 102.1 77.2 0160 1710 87.4
71 15.0 727 1.338 101.7 gl.5 .0190 1860 88.6
72 15.0 727 1.336 101.7 100.4 0209 1360 86.8
73 15.0 728. 1.334 101.6 103.9 .0216 - 1995 B86.3
T4 5.0 ° T 728 1.334 101.86 106.5 .0222 2025 86.4
75 15.0 728 1.334 101.8 110.9 .02351 2060 85.7
76 15.0 728 1.334 101.6 118.1 0246 2115 84.4
77 15.0 729 1.338 101.9 123.8 .0257 2150 83.1
78 15.0 . 729 1.334 101.7 39.2 0082 1235 84.5
78 15.0 728 1.33% 101.8 31, .0066 1120 79.6
80 15.0 T24 1.742 132.0 67.9 .0108 1315 88.4
81 15.0 722 1.743 131.9 79.0 0126 1510 az7.6
82 15.0 728 1.742 132.7 85.5 .0152 1685 86.6
83 15.C 730 1.742 133.0 110.0 .0175 1750 83.7
84 15.0 730 1.742 133.0 122.0 .0194 1818 8l1.0
as 15.0 © 730 1.748 133.5 141.0 .0224 1880 75.9
86 15.0 730 1.745 133 .4 52.9 .0084 1260 85.9
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{a) I35 combustor,

Figare 1. - Cross section of sipgle-combugtor insvallation showing auxilisry ducting end location of tesperature- end
Pressure-measuring instruments in instrmmentstion plenea.
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(b) J47 combustor,

Figure 1. - Conclnded. Cross gection of single-combustor installation showing auxiliary ducting and locetion of
: temperature- and pressure-meamring :ln_s't.nunts in inetrumentation planes.
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(s) J33 combustor.

Flgure 2. - Inner liner and dome of single combustors uged 1n investigaticn.
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Figure 2. - Coneluded.
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(b} J47 cowbustor.
Inner liner and dome of single combustors used in Investigation,
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Figure 3. - S8ketch of J33 liner showing imstallation of fuel dams.
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(b} J47 liper.

Figure 4, - Combustor liners coated with ceramic (1).
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(a) Water-flow rate, 54 poupds per hour, (b} Water-flow rate, 35 pounda per hour.

Figure 5. - Trapaparent combustor equipped with two fuel dems. Cold-flow inlet-air conditlcne:- pressure, 15 inches of
wercury absolute; temperature, 85° F; flow rate, 2.14 pounds per second per square foot. Fuel nozxle, 40 gellons per
hour, 80° spray angle.
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(b) Comdition 1. Alr-flov rwte, 2.78 powsds per second per sguars foot.
HMHgure 6. - Effect of fual dsms on combustion efficlency of J35 combustor using 40-gallon-per-hour BOP-spray-angle

norzle at varions air-flow retes and fuel-air ratios. Inlet-air pressure, 16 inches of mercury absolute; inlet-
#ir temperwture, £668% F; fus), MIl-F-5624A, grade JP-4. e m
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Fuel-air ratlo

(c) Condition 4. Air-flow rete, 3.62 pounds per second per sqQuare foot.

Flgure 6. - Concluded. Effect of fuel dams on combustion efficlency of J33 combustor using

40-gallon-per-hour 80°%-sprey-angle nozzle gt verious sir-flow rates and fuel-air retios.
Inlet-gir pressure, 15 inches of mesrcury absolute; inlet-ailr temperature, 268° F; fuel,

MIL-F-5624A, grade JP-4.
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Fuel-air ratio
(a) Condition 3. Alr-flow rate, 2,14 pounds per second per square foot.
Figure 7. - Effect of fuel dams on combustion efficlency of 433 combustor using 15, 3-gallon-per-hour

30°-spray-angle nozzle at various air-flow rates and fuel-air ratios. Inlet-air pressure, 15 inches of
mercury absolute; inlet-alr temperature, 268° F; fuel, MIL-F-5624A, grade JP-4.
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(b) Condition 1. Air-flow rate, 2.78 pounds per second per square foot.
Figure 7, - Con‘binued Effect of fuel dems on combustion efficiency of J35 eonibugtor using 15.3-gallon-

per-hour 30°-spray-angle nozzle at verious alr-flow rates and fuel-air ratios.

Inlet-air pressure,

15 inches of mercury sheolute; Inlet-air temperature, 268° F; fuel, MIL-F-5624A, grade JP-4.
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Combustion efficlency, percent
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Figure 7. - Concluded.

Fuel-air ratio

(c¢) Condition 4, Alr-flow rete, 3.62 pounds per secomnd per square foot.

Effect of fuel deme on combustion efficiency of J35 combustor using

15.3-gallon-per-hour 30°-spray-angle nozzle at varioue air-flow rates and fuel-air ratios.
Inlet-air preesure, 15 inches of mercury ebsolute; inlet-alr temperature, 268° Fj fuel,
MIL-F-5624A, grade JP-4.
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(2) Wozzle, 40 gellons per hour, 80° spray angle; water- (b) Wozzle, 15.5 gallons per hour, 30° spray angle; water-
flow rate, 25 pounde per hour, flow rate, 30 pounds per hour.

Figure 8, - Trensparent cambustor equipped with two fusl dams and twe different fuel nozgles. Cold-flow inlet-air

conditiona: pressure, 15 inches mercury abeolute; temperature, 85° ¥; flov rate, 2,14 pou.nda per pecond per square
foot.
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Combustion effloiency, percent
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(a) Condition 2. TInlet-air pressure, 8 inchss of wercury absolutey inlet-air teupersture, 268° F;
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Flgare 9. - BEffact of cersmic coating (1) on combustion efficlency of J53 combustor at several inlet-sair conditioms.

Fuel-air ratio
{b) Condition 5. Inlet-alr pressurs, 15 inches of mercury shsolmte; inlet-air temperature, 268° F;
alr-flow rate, 2.]4 povmds par second per square foot.

Fuel, WMIL-F-5624A, grade JP-4) nozxle, 40 gallons per hour, 507 spray angls,
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(@) Condition 4.

Tnlat-air pressure, 16 Inches of mercury abzolite; inlet-air temperatura, 268° ¥

air-flov rete, 3.682 pounds per second per equexe £oo0t.
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Figure 9, -~ Concluded. Rffect of ceramic coating (1) on combustion afficienay of J55 combustor st several inlet-
Fuel, MIL-P-G6244, grade JP-4j noxzle, 40 gallong per hour, 80° spray angle.

alr conditions.
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Combusticn efficlency, percent
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Figure 10. - Concluded. Effect of ceramic coatings (2) and (3) on combustion efPiciency of
J33 combustor et several inlet-air conditions. Fuel, MIL-F-5624A, grade JP-4; nozzle,
40 gallons per hour, 80° spray angle.
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(b) Condition 3. Inlet-air pressura, 15 inches of mercury absolube; inlet-alr temperaturs, 268° F¥;
ailr-flow rate, 2.14 pounds per sesoond per square foot.

Figure 11, - Effect of ceramle coating (1) on combuation effielency of J47 combuator at several inlet-alr
conditicne. Fuel, MIT-P-5624A, grade JP-4; duplex fuel nozzle.
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Flgure 11. - Conoluded, Effect of ceramic coating (1) on combustion efficlency of a J47 combustor at
seversl inlet-alr acnditions. Fuel, MIT-P-5624A, grade JP-4; duplsx fuel nozzle.
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Figure 12. - Comparison of combustion efficlencies obtained with ceramic-cocated (1) 1ltner,
Iiner with fuel dams, and ceramic-ccated (1) liner with fuel dams in J33 combustor at several
air-flow rates. Inlet-alr pressure, 15 inches of mercury absoclute; inlet-alr temperature,
268° F; fuel, MIL-F-5624A, grade JP-4) nozzle, 40 gallons per hour, 80° ppray angle.
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Figure 15. - Carbon deposition in ceramic-coated (1) J35 combustor linsr after 4 hours of cperation st conditioms
simlating 90 percent normal engine rotational speed, zero Mach mumber, and 20,000-foot altitude.
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